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ABSTRACT
A series of experiments were conducted on the preservation of fresh peaches using
freezing and heat (hot-filled packaging). In the first experiment, the effects of four
calcium salts (calcium chloride, calcium lactate, calcium citrate, calcium phosphate)
on the texture of processed peach slices were determined. Peach slices were
immersed in solutions containing dissolved calcium salts at levels of 0.5, 1 and 2 %
for 1 minute then stored at 4 °C for 3 days. Treatments with calcium salts were
firmer than non calcium treated peach slices at all levels. Calcium lactate at 2 %
level was best in terms of texture and overall appearance. In a second experiment set,
effects of calcium salts at 3 % level was also determined for three different varieties
of peaches (Autumn prince, Big Red, O’Henry) with a dipping time of 5 minutes.
Increase in the level of calcium salts to 3 % did not generally improve the texture of
peach slices. The effect of calcium salt combined with antibrowning agents on shelf
life of peach slices was also studied. Peaches of Autumn Prince Variety were lye
peeled, dipped in 1 % citric acid and were mixed with CaCl2 at the levels of 0, 0.5
and 1 % along with 0.5% citric acid and sodium erythorbate/ ascorbate each to
prevent browning. In a final experiment, sugar was added to peaches in a 1:4 ratio
with 0.5% sodium erythorbate or sodium ascorbate, 0.5% citric acid and CaCl2 then
samples were frozen at the temperature of -20° C and stored for 48 weeks or first
cooked at 93 °C (200 °F) and then mixed with CaCl2 at the same levels as frozen
peaches followed by quick chilling and storage at room temperature for 32 weeks
.Various shelf life parameters were evaluated including pH, color, total soluble
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solids (°brix), water activity, puncture force (texture) and microbial count at 0, 8, 16,
24, 32, 48 weeks. The calcium treated samples generally had better quality than non
calcium treated. Sodium erythorbate and sodium ascorbate were equally effective in
maintaining the color (L*lightness) of frozen peach slices over the period of 48
weeks. Overall, processed peach slices were microbiologically stable over the
storage period.
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CHAPTER 1
LITERATURE REVIEW
Introduction:
Peaches are a growing market in the United States with more than 50 % of the crop’s
production consumed as fresh and the remainder consumed in processed products. The
two major processed peach products are canned and frozen peaches with a small market
portion sold as dried peaches, juices, jams and jellies.
The major problems associated with the fruit processing are cut surface browning and
flesh softening (Gorny et al., 1998). Calcium salts have been widely used to maintain
firmness with calcium chloride the most widely used firming agent. Various
antibrowning agents and their combinations have been proposed in studies to inhibit
browning of fruits and vegetables.
Numerous studies have examined the improvement in firmness of fruits and
vegetables but few studies have focused on peaches. Some studies have attempted to
improve the firmness of canned fruits but little work has been reported on hot filled or
frozen peach slices.
Browning inhibition in fruits and vegetables:
Enzymatic browning causes undesirable effects in fresh cut fruits and vegetables
by changing organoleptic properties which decreases its shelf life. Mechanism of
browning involves interaction of polyphenol oxidase with polyphenolic substrates in the
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presence of oxygen. It occurs in two steps where first step involves hydroxylation of
monophenols to diphenols by polyphenol oxidase (PPO). In the second step, rapid
oxidation of diphenols to o-quinones occurs and the quinines formed are colored as
opposed to a hydroxylation reaction which is slow and results in formation of colorless
products. Quinones subsequent reactions lead to the formation of melanin which is black
or brown pigment. (Toivonen and Brummell 2008).
Ascorbic and erythorbic acid/salts are widely used in the food industry for their
reducing and antioxidant activity. These reducing agents function to prevent oxidation by
scavenging free radicals, preventing the formation of undesirable oxidative products and
changing the redox potential of the system. Acidulants like citric acid (CA) have been
widely used because of their ability to reduce pH. Citric acid also chelates copper ions at
the active site of the polyphenol oxidase enzyme. The combinations of the reducing
agents, acidulants and chelating agents give a synergistic anti-browning effect. (Mcevily
et al., 1992)
Ascorbic acid (AA) has been reported to be a superior antioxidant agent compared
to erythorbic acid (EA) despite being sterioisomers. Ascorbic acid will oxidize more
slowly than erythorbic acid and will maintained flavor and color of apple halves better
than erythorbic acid (Borenste, 1965). When both of these acids were compared for
browning inhibition of frozen peaches, it was found that they were equally effective in
retarding browning for a period of 30 days (Reyes and Luh, 1962). However, another
study on peaches by the same group found that the rate of consumption of erythorbic acid
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was 30-50 % faster than ascorbic acid and earlier browning in erythorbic acid treated
peaches (Reyes and Luh, 1962). Studies done on the oxidation kinetics of both of these
chemicals proved that rate of oxidation of erythorbic acid is 25-100% faster than ascorbic
acid in the pH range of 3-9. Both the compounds are more stable in the pH range of 3 to
4.5 compared to 5-7. (Schulte and Schillinger, 1952)
Sapers and Ziolkpwski (1987) conducted several studies using ascorbic acid and
erythorbic acid to inhibit browning of apples, pears, mushrooms and potatoes. Their
studies on Red and Golden Delicious apples showed that sodium ascorbate and sodium
erythorbate were more effective in browning inhibition than the corresponding acids
(Sapers and Ziolkpwski, 1987). For apples and apple juice they used

0.8- 1.6 %

solutions of ascorbic acid (AA) or erythorbic acid (EA) with water or 1 % citric acid and
reported that AA was more effective in inhibiting browning in both varieties of cored
apple samples than EA over 24 hrs. However, in apple juice both the acids were equally
effective.
In a study by Santerre et al. (1988) the combination of citric acid (CA) and
ascorbic acid (AA) was compared with the ascorbic acid isomer (erythorbic acid, EA) for
browning inhibition of processed apple slices. They used vacuum impregnation for apple
slices and found that AA was comparable to EA with no difference in color apple slice
color. They also reported no difference in the color of slices treated with 0.5 % and 1%
EA or 0.25 and 0.5 % CA solutions. Ponting and Jackson (1972) used combinations of
AA, calcium chloride (CaCl2) and sulfur dioxide (SO2) on apple slices and reported that
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AA and CaCl2 alone were not effective in maintaining color. Calcium was found to have
a synergistic effect with SO2 or AA in browning inhibition. They reported that the
combinations of two ingredients, AA/SO2 with calcium was more promising than the
combination of all three (Ponting and Jackson 1972).
Effect of Calcium on texture of fruits and vegetables:
Pectins are present in many fruits and vegetables in varying amounts. They are
present in the cell wall and intracellular layers of all plants. Commercial pectins are
galacturonoglycans having varying methyl ester groups. They have the unique ability to
form gels in the presence of acid and sugar or calcium ions. Based on degree of
methylation they are classified as high methoxy pectins (HM pectins) and low methoxy
pectins (LM pectins). Preparations having more than half of carboxyl groups in methyl
ester form i.e. -COOCH3 are known as HM pectins and those with less than half in
methyl ester form are called LM pectins. (Fennema, 1996)
Calcium plays an important role in fruit physiology as it stabilizes cell membranes
and turgor pressure. It interacts with pectic acid in the cell walls of fruit and forms
calcium pectate which stabilizes cell structure. It also maintains appearance of fruits and
vegetables by inhibiting browning as it reduces leakage of polyphenol oxidase (PPO) and
its substrates on cut and exposed surfaces. (Lara et al., 2004; Sams, 1999).
Prussia et al. (2005) studied the effect of calcium chloride in 30 minute dips on the
firmness of peaches and reported that 1 % calcium chloride was effective in maintaining
firmness of peaches during 21 days of storage. Peaches were held at 0, 4 and 10 ⁰C and
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peach firmness was affected more by temperature than by calcium treatment. However,
calcium treated peaches were firmer than untreated samples for all temperature regimes.
Manganaris et al. (2007) tested three different salts of calcium: calcium lactate, calcium
chloride and calcium propionate. They reported that any form of calcium at 360 mg/l
improved firmness retention as compared to untreated samples for 6 months. Studies
conducted by this group examined the effect of these calcium salts on cell wall properties
of peaches and observed that all calcium salts were equally effective in maintaining
firmness for 4 weeks of storage. Contradictory to the previous studies, Manganaris et al.
(2007) found that higher concentration of calcium lactate and calcium propionate on the
surface of the fruit resulted in discoloration of skin and pitting. They also reported some
chemical changes and loss of tissue firmness. Although calcium chloride and calcium
propionate were beneficial for texture they imparted bitterness or flavor differences while
calcium lactate had the same flavor score as controls. (Manganaris et al., 2007)
Luna- Guzman et al. (1999) found that firmness of fresh cut cantaloupe was
improved with 1-5 % calcium chloride dips. They used different concentrations of CaCl2
(1, 2.5 and 5%) and concluded that the firmness was improved when combined with heat
treatment (20, 40 or 60 °C). In this study 2.5 % CaCl2 with the higher dipping
temperature was most effective in improving the firmness of cantaloupe for the storage of
12 days.
Sams et al. (1993) studied the effect of pressure infiltration of calcium chloride (2
or 4 %) on apples, with or without heat treatment and reported that calcium chloride in
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combination with heat provided better firmness than pressure infiltered or control
samples during 6 month of storage. Studies on kiwifruit used CaCl2 (1, 2 and 3%)
dipping followed by mild heat treatment at 45 ºC to retain firmness during 8 days of
storage. Heat treated samples were 24% firmer as compared to control samples (Beiraoda-Costa et al., 2008). Garcia et al. (1996) studied the effect of 1, 2 and 4 % calcium
chloride dips with mild heat treatments of 10, 25 and 45 ⁰C on the texture of strawberries.
They reported that 1% CaCl2 at 25 ºC was the most effective treatment for maintaining
firmness.

Fig. 1 (a) A repeating segment of pectin molecule and functional groups: (b) carboxyl;
(c) ester; (d) amide in pectin chain.
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Sodium ascorbate

Sodium erythorbate

Citric acid

Calcium citrate
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Calcium lactate

Calcium phosphate dibasic dehydrate

Fig 2: Structures of antibrowning agents and calcium salts.

Osmotic dehydration of fruits and vegetables:
1. Application of heat:
Kluter et al. (1994) studied the shelf life of the peaches packed in retort pouches
examining two different parameters: syrup at pH 3.85 or 3.25 and source of fruit. Sucrose
syrup of 60 ⁰Bx was added to each pouch and peach syrup was acidified with 0.5 % citric
acid then vacuum sealed. Sealed pouches were processed to an internal temperature of 88
⁰C followed by cooling with water sprays. Peach pouches were stored at 4, 21 and 38 ⁰C
for 36 months and evaluated periodically for various parameters including color, texture,
acceptability, etc. Color and texture of peaches stored at higher pH were better than those
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held at lower pH. The shelf life requirements were met at 21 and 38⁰ C and 3.85 pH
(Kluter et al., 1994). These same researchers examined the variables of syrup pH (4 and
3.5) and processing temperature (88 and 96 ⁰C) on the shelf life of retort packaged pears.
They reported that pears in acidified syrup (pH 3.5) had adverse effect on the quality,
especially texture and color during storage. These results were in agreement with their
previous study on peaches. The pH 4 syrup resulted in better quality retention for pears
stored at 21 and 38 ⁰C compared to pH 3.5. The texture was significantly affected by
processing temperature for example pears processed at 96 ⁰C were softer than ones
processed at 88 ⁰C. The processing temperature of 88 ⁰C with syrup at pH 4 was superior
in maintaining texture and color of pears (Kluter et al., 1996).
Mohammadzadeh-khayat and Luh (1968) examined the effects of calcium
chloride and ammonium oxalate on texture of canned apricots. They added calcium
chloride at 0, 50,100 and 200 ppm to syrup of 40 ⁰Bx. The sealed cans were heat
processed at 98.8 °C for 19 minutes followed by cooling. They found that samples
containing calcium chloride had better texture than apricots with no added calcium.
Syrup containing 100 ppm calcium chloride had the maximum firming effect on apricots
for all levels of calcium chloride tested.
Apostolopoulos and Brennan (1994) studied the textural characteristics of four
different varieties of canned peaches and also effects of processing variables on their
texture profile. They treated peaches with several different canning liquids such as water
containing 27 % and 48 % sucrose and 0.5 % calcium chloride. The variables used in this
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study were degree of ripening of fruit, thermal processing time, concentration of sugar in
processing liquid and water hardness. They reported that firmness, fibrousness,
chewiness and crunchiness of peaches were decreased with an increase in heating time
and degree of ripening. There was great improvement in these properties with increase in
the hardness of canning liquid especially with addition of sucrose in syrup.
2. Freezing:
Van Buggenhout et al. (2008) used 0.5 % calcium chloride and 0.12 %
pectinmethylesterase (PME) in osmotic solution of 60 % sucrose to determine the effect
on the texture/structure of strawberry halves. They reported that frozen strawberries
containing sugar solution with calcium and PME were harder than peaches stored in a
water solution. The researchers concluded that addition of calcium and PME had a small
but positive effect on texture of dehydrated as well as osmotically dehydrated, frozenthen-thawed strawberries. Ponting and Jackson (1972) studied the effect of calcium
chloride, ascorbic acid, sulfur dioxide, sugar and their combinations on the texture of
frozen apple slices. They found that texture of apple slices were better with calcium
chloride (0.2-0.4 %) and sugar. Also, the soft tissues became firm and gel-like by
reducing leakage of juice when treated with a sugar solution.
Catello et al. (2009) osmotically dehydrated apple slices at either atmospheric
pressure or vacuum impregnation using 50 ⁰Bx glucose solutions. They added calcium
lactate at levels of 0, 1 and 2 % to fruit with a fruit to sugar ratio of 1:15. Samples were
stored for 6 days at 10 ⁰C. Increases in the hardness were observed with1 % calcium
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lactate especially with the application of vacuum pulse. However, no improvement was
observed with 2 % calcium lactate. The microbial counts of total aerobic bacteria, yeast
and molds during the storage of 16 days were lowest for osmotically dehydrated samples
with a vacuum pulse treatment.
Bolin and Huxsoll (1993) tested a sucrose solution of 60 ⁰Bx for osmotic
dehydration of Bartlett pear quarters. The texture and color of pears was improved with
increased osmotic concentration as compared to hot air drying. Moisture removal
facilitated the increased firmness of pears which was lost during freezing. The softening
during thawing was a result of cellular breakdown during freezing.
The effect of osmotic dehydration and freezing-thawing on kiwi fruit physical and
optical properties were examined using sucrose solutions of 35, 45, 55 and 65 ⁰Bx and
either at atmospheric pressure or vacuum pulse. The samples were stored at – 18 ⁰C and
thawed at 8 ⁰C for 10 h. Samples using atmospheric pressure had better color (clarity,
lightness and chroma) than those treated in vacuum. Treatments using 65 ⁰Bx solutions
were firmer than those using vacuum pulse at 35 ⁰Bx. Also, kiwi samples treated with a
dilute solution did not maintain cell structure and physical properties compared to those
with the more concentrated solution. After freezing-thawing, treatments at 45 ⁰Bx
showed the best results in terms of physical properties. Osmotic dehydration in the
concentrated solutions had better color after freezing thawing (Talens et al., 2003).
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CHAPTER 2
EFFECT OF ANTIBROWNING AGENTS AND CALCIUM SALTS ON
PROCESSES PEACHES
Abstract:
The effects of four calcium salts (calcium chloride, calcium lactate, calcium citrate,
calcium phosphate) on the texture of processed peach slices were determined. Peach
slices were immersed in solutions containing dissolved calcium salts at levels of 0.5, 1
and 2 % for 1 minute then stored at 4 °C for 3 days. Peach slices treated with calcium
salts were firmer than non-calcium treated peach slices at all concentration levels. Two
percent calcium lactate resulted in peach slices with superior texture and overall
appearance as compared to other salts regardless the concentration. Effect of calcium
salts at 3 % level was also determined for three different varieties of peaches (Autumn
prince, Big Red, O’Henry) with a dipping time of 5 minutes. Calcium citrate and calcium
phosphate treatments resulted in poor texture as compared to non-calcium treated
samples. Texture was better with all calcium salts for the Autumn Prince variety of peach
as compared to other varieties. Overall an increase in the level of calcium salts to 3 % did
not improve the texture of peach slices compared to lower levels of calcium.
Introduction:
Purchase and consumption of fresh cut fruits and vegetables is rapidly growing in
the US (Gorny et al., 1998). The major problems associated with freshly cut fruits are
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their susceptibility to browning and textural defects. The reason for limited commercial
success of fresh cut fruits like peaches and nectarines is the cut surface browning and loss
of firmness (Gorny et al., 1999). Due to processing operations such as peeling and
cutting, intermixing of polyphenol oxidase and phenolics causes enzymatic browning
resulting in an undesirable appearance. In fresh cut fruit tissue, softening is a serious
problem that decreases its shelf life. Softening causes a loss of water and cell softening
enzymes from plant cells decreasing turgor pressure (Varoquaux et al., 1990)

Calcium salts have been widely used in the fresh cut produce industry to preserve
the quality of minimally processed commodities. Calcium chloride is the most widely
used firming agent for sliced fruits. While it is beneficial for the texture retention, it is
found to impart off flavors at higher concentrations (Monsalvegonzalez et al., 1993).
Therefore, various alternative calcium sources such as calcium lactate, calcium
propionate have been tested as alternatives to calcium chloride. One study found that the
quality of fresh cut cantaloupe and melons improved with different calcium sources
including calcium lactate, calcium chloride, calcium propionate and calcium amino acid
chelate dips (Gorny et al., 1999; Luna-Guzman and Barrett 2000).

Calcium plays a very important role in fruit physiology particularly in relation with
pectin with which it stabilizes cell membrane and turgor pressure. Because of the ability
of calcium ions to form crosslinks between carboxyl groups of polyuronic chains present
in the middle lamella pectin, they strengthen the plant cell wall (Lara et al., 2004; Sams,
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1999). Calcium also helps maintain the appearance of fruits and vegetables by inhibiting
browning as it reduces the leakage of the enzyme polyphenol oxidase (PPO) and its
substrates on the cut and exposed surfaces.
The literature reports levels of calcium chloride in the range of 0.1 to 1 % and the
submersion times from 1 to 5 minutes. (Bett et al., 2001; Rosen and Kader 1989; Sapers
and Miller 1998; Luna-Guzman et al., 1999; Soliva-Fortuny et al.,2002; Soliva-Fortuny
et al., 2003). Studies on melons reported a maximum level of up to 2.5 % (Luna-Guzman
et al., 1999). In kiwifruit slices no difference in the treatments of cawas found in the
calcium chloride levels between 1 % and 2 % (Luna-Guzman et al., 1999; Agar et al.,
1999). Dipping has the added benefit of removing enzymes and substrates which can be
released during the cutting operation from injured cells.

Enzymatic browning can cause undesirable effects in fresh cut fruits and
vegetables by changing organoleptic properties and appearance, decreasing shelf-life and
market value. Browning can be a desirable reaction in some foods such as in the
production of tea, coffee, cocoa, prunes, cider contributing specific flavors and colors.
Enzymatic browning occurs by oxidation of mono and diphenols in the presence of
polyphenol oxidase (PPO). PPO catalyses the hydroxylation of monophenols to diphenols
and the oxidation of diphenols to o-quinones (Agar et al., 1999; Mcevily et al., 1992a;
Sapers and Hicks 1988). This PPO activity makes fruits and vegetables susceptible to the
oxidative browning (e. g. fruits such as peaches, pears, apples, banana, apricots and
vegetables such as mushrooms, potatoes, lettuce). Various factors affect enzymatic
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browning including the content and type of the phenolic substances present in fruits or
vegetables, temperature and the presence of inhibitors.
Rupturing or damaging tissues increases respiration rate and triggers texture
deterioration (Sapers and Hicks 1988, Mcevily et al., 1992b; Dong et al., 2000). Ascorbic
acid, erythorbic acid, citric acid, and their combinations were found effective in
preventing browning of apple slices (Dong et al., 2000; Santerre et al., 1988) by reducing
tissue damage and inhibiting enzyme activity. Erythorbate and ascorbate function to
reduce undesirable oxidative products, change the redox potential of system and scavenge
free radicals to prevent oxidation, however Sapers and Hicks (1988) found that sodium
erythorbate and ascorbate were more effective than their respective acids for preventing
browning of apple wedges. Citric acid reduces pH as well as chelates copper at the active
site of PPO enzyme and is typically added in levels of 0.5 to 2 % in combination with
other antibrowning agents. The combination of reducing agents, acidulants and chelating
agents are used because of their synergistic effect on preserving freshness of cut fruits
and vegetables (Mcevily, et al., 1992b).
Objectives:
The objectives of the current study were to determine the effects of:
1. Calcium salts at different levels on the texture of processed peach slices.
2. Calcium salts on the texture of different varieties of processed peaches.

18

Materials and methods:
Experiment 1: Flame Prince variety peaches were harvested, transported and stored
overnight at 4 ⁰C prior to the processing. On the day of processing, peaches were
removed from cold storage and allowed to warm to room temperature for 1 hour. Peaches
were peeled by submersion in 1% boiling NaOH (UNIVAR products Corp., Kirkland,
WA 98033) solution for 30 seconds. After boiling, peaches were immediately cooled in
ice cold water for 1 minute and lightly rubbed by hand to remove the remaining peel.
Peeled peaches were submerged in 1% citric acid (Jungbunzlauer Canada, Ontario
L3K5V4) solution for 30 seconds, cut in half to remove the pit and sliced in sections
approximately 1.25 cm in width. Slices were then dipped in one of four different calcium
solutions at concentrations of 0.5, 1 or 2%. The calcium solutions were: calcium chloride,
calcium phosphate (Fisher Scientific, Fair lawn, NJ 07410), calcium citrate (Sigmaaldrich, Inc. Spruce st, MO 63103) or calcium lactate (Spectrum chemical mfg. Corp.
Gardena, CA 90248). Peach slices were dipped for 1 minute with control samples dipped
in water. Samples were stored in freezer bags (Quart size, 946ml, 17.8 cm, S.C. Johnson
& Son, Inc.) at 4 ⁰C and texture was measured on the 0, 1st, 2nd and 3rd day of storage
according to the method described below.
Texture analysis- Texture was measured using a TA-XT plus texture analyzer (Stable
Micro Systems, Texture Technologies Corp, NY, USA) equipped with a 5 kg load cell.
Peach slices were removed from refrigerated storage, allowed to equilibrate as room
temperature for 30 minutes then a puncture test was conducted using a cylindrical probe
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TA-52 with a diameter of 2 mm. The probe was driven through the slices at the test speed
of 2.0 mm/sec. The force to puncture peach slices was recorded in grams. Three slices per
treatment were tested during each of 3 replications.

Experiment 2: Peaches of the three different varieties Big Red, O’Henry and Autumn
Prince were processed according to the method described in experiment 1. Slices were
then dipped in calcium chloride, calcium phosphate, calcium citrate and calcium lactate
solutions at 3% concentration for 5 minutes. They were stored in freezer bags at 4 ⁰C and
texture was measured on 0, 1st, 2nd and 3rd day as previously described.
Statistical analysis:
All treatments were subjected to analysis of variance (ANOVA) using SAS 9.2 to
determine if there was a significant difference (p > 0.05) between treatments using proc
glm and pdiff commands. For all experiments Least Square Mean values were calculated.

Results and Discussion:

Treatment with calcium lactate increased puncture force of peach slices more than the
other three calcium salts tested (Table 1). The % difference with respect to control (water
dip) revealed that all calcium salts increased puncture force compared to control but
calcium citrate was found to be least effective in improving texture among the calcium
salts tested. Based on visual observations peach slices treated with calcium citrate were
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poorest in terms of color, appearance and texture followed by calcium phosphate and
peach texture (puncture force) was found to be greater due to treatments in the following
order:
Calcium-lactate > Calcium Chloride> Calcium-phosphate> Calcium-citrate> Water.
Table 1: Effect of calcium salts on puncture force (g) and % difference for processed
peach slices.
Treatment Puncture Force (g)

a-b

% Difference

CaCl2

174b

37.0b

Ca-lac

209a

64.6a

Ca-phos

183b

41.5b

Ca-cit

172b

1.9c

SEM

0.0067

7.95

means within the columns with same subscript are not significantly different (P>0.05)

SEM=Standard error of mean for Puncture force=0.0067, % difference= 7.795
% Difference calculated as, Ca-salt dip – water dip/water dip * 100
When calcium salts were compared within their respective levels (0.5, 1, 2 %) the
texture of peach slices was the same for all levels of only calcium phosphate while the
levels used for other salts resulted in texture differences (Table 2). For example, calcium
chloride at the 1% level was best for increasing firmness compared to 0.5 and 2 %.
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Similar results were reported by Garcia et al. (1996) when they dipped strawberries in
calcium chloride solutions of 1, 2, 4 % and found that the 1 % level at 25 °C and 45 °C
was the most effective treatment for maintaining quality throughout the storage period of
3 days. However, an increase in calcium chloride concentration resulted in a decrease in
firmness (Garcia et al., 1996). For calcium citrate, the 0.5 % level was best and puncture
force decreased with an increase in calcium citrate levels. No difference was observed
between the 1 and 2 % levels of calcium citrate. For calcium lactate, the texture differed
at all levels with the maximum puncture force obtained at 2 %. Similar results were
reported by Luna-Guzman et al. (1999) who reported that calcium lactate and calcium
chloride had a better firmness at 2. 5 % level compared to lower levels, with calcium
lactate able to maintain the firmness of cantaloupe cylinders during storage. (LunaGuzman, Cantwell and Barrett 1999).
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Table 2: Effect of calcium salts at 0.5, 1 and 2 %levels on the puncture force (g) and
% difference with respect to control (water dip) for processed peach slices.

a-e

Treatment

Level

Puncture Force (g)

% Difference

CaCl2

0.5

152b

20.9b

CaCl2

1

203a

60.6a

CaCl2

2

167b

29.4a,b

Ca-lac

0.5

137c

10.8c

Ca-lac

1

188b

54.3b

Ca-lac

2

302a

128.7a

Ca-phos

0.5

176a

40.6a

Ca-phos

1

187a

37.5a

Ca-phos

2

183a

46.3a

Ca-cit

0.5

247a

85.8a

Ca-cit

1

143b

7.3b

Ca-cit

2

125b

-87.4c

means within the columns with same subscript are not significantly different (P>0.05)

SEM=Standard error of mean= 0.01174
% Difference calculated as, Ca-salt dip – water dip/water dip * 100
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Peach puncture forces were also statistically compared for calcium salts among the
same levels (data not shown). For 0.5 % calcium levels, calcium citrate resulted in the
highest puncture force compared to other calcium salts followed by calcium phosphate.
However, increase in the level for this salt resulted in decreased firmness. As a salt of an
acid, citric acid may have affected pH and thus decreased firmness. Kluter et al. (1996)
reported that rate of softening was higher at lower pH levels for peach slices packed in
retort pouches. Calcium chloride and calcium lactate had similar effects on texture and
were less effective than the other two salts improving firmness. For 1 % calcium levels
(except for calcium citrate) the salts showed similar effects on texture and was found to
be better than calcium citrate which differed from the results at the 0.5 % level. At the 2
% level, calcium lactate increased firmness more than other salts. At this level, calcium
citrate was worst and calcium chloride and phosphate had a similar effect for improving
texture. Therefore, although calcium lactate gave the greatest increase in texture, the
highest concentration i.e. 2 % was required to obtain these results.
Peach texture of calcium salts were compared to control as the % difference.
Calcium citrate had higher % difference to control as compared to the other three salts at
0.5 % level. However, at 1 % levels the other three salts were superior to calcium citrate.
At the highest level of 2 % it was least effective compared to other salts. Calcium lactate
had highest % difference from control followed by calcium phosphate and calcium
chloride. Overall, all calcium salts treatments improved texture as compared to control
(water dip) except for calcium citrate at 2%. It was reported that calcium sources used in
food industry resulted in significantly firmer samples than water dips (Luna-Guzman et
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al., 1999). Calcium ions will strengthen plant cell wall structure because of their ability to
form crosslinks of carboxyl groups of polyuronic chains present in the middle lamella
pectin (Lara, et al., 2004, Sams, 1999). Also, calcium ions contribute to the increased
membrane integrity and cell turgor pressure.
Overall across all peach varieties, there was no significant difference between four
calcium treatments at 3 % levels on the texture of peach slices (Table 3). For %
difference with respect to control (water dip), puncture force decreased on the first day
followed by some increase. The overall effect showed a decreasing trend with respect to
time.
Table 3: Effect of storage time (days) on the puncture force (kg) and % difference
over control (water dip) for peach slices dipped in 3% calcium salt solutions.
Day

Puncture Force (g)

% Difference

0

194a

93.1a

1

176a

2.3c

2

187a

46.4b

3

180a

3.1c

SEM

0.0067

7.795
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a-b

means within the columns with same subscript are not significantly different (P>0.05)

SEM=Standard error of mean for Puncture force=0.0067, % difference= 7.795
% Difference calculated as, Ca-salt dip – water dip/water dip * 100
For Autumn Prince variety, treatment with calcium citrate and phosphate had the
same effect as the water dip and no dip (Table 4) thus there was no improvement in peach
texture compared to control. Treatment with calcium chloride and lactate showed
significant improvement in the texture of peach slices with respect to non calcium treated
as well as other salts. Overall, calcium lactate improved texture better than the other
treatments for Autumn Prince and O’Henry varieties. However, for Big Red peaches,
calcium chloride was better than all other treatments and calcium lactate had similar
effect on texture as no dip. Calcium citrate and phosphate showed a loss of firmness
which was greater than non calcium treated samples for Autumn Prince and Big Red
varieties. As a salt of acids, citric and phosphoric salts can affect pH which may have
resulted in the poor appearance observed visually as compared to other salts. To verify
this, pH of calcium salts was measured by dissoving each calcium salt in water at levels
of 0.5, 1, 2 and 3%. pH of calcium phosphate and calcium citrate solutions decreased
with increase in level and pH of dissolved calcium lactate did not differ at different levels
(Table 4). A slight increase in pH was observed for calcium chloride solution with
increase in level.
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Table 4: pH of dissolved calcium salts at the levels of 0.5, 1, 2 and 3 %.
Level

pH

0.5 % CaCl2

5.91

1 % CaCl2

6.14

2 % CaCl2

6.46

3 % CaCl2

6.31

0.5 % Ca lac

6.8

1 % Ca lac

6.87

2 % Ca lac

6.87

3 % Ca lac

6.89

0.5 % Ca phos

8.14

1 % Ca phos

8.06

2 % Ca phos

7.91

3 % Ca phos

7.83

0.5 % Ca cit

6.1

1 % Ca cit

5.92

2 % Ca cit

5.66

3 % Ca cit

5.52

Also, in terms of solubility calcium phosphate and citrate were slightly soluble unlike
calcium chloride and lactate. This may have resulted in less interaction of salt with the
peach slices as compared to other two salts.
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For the O’Henry variety, calcium chloride had same effect as non calcium treated
samples. Calcium lactate increased firmness more with calcium citrate and phosphate
being the second most effective firming agent tested at the 3% level. The overall texture
was better for Autumn Prince peaches compared to the other two varieties which could be
attributed to a better initial texture of that variety compared to others.
When % difference was calculated with respect to control (water dip), it was
found that for the Big Red variety, calcium citrate and phosphate was less firm than
controls. For the same variety, calcium chloride had greater firmness followed by lactate
as compared to control. For O’Henry and Autumn Prince variety however, calcium
chloride had same effect as non calcium treated samples. For O’Henry variety calcium
lactate and phosphate were best as compared to other treatments.
When visual appearance was observed for all the varieties of peaches, treatment
with calcium citrate showed a poor appearance among the all treatments and calcium
chloride was found to be best.
CaCl2 > Ca-lac > Ca-phos > Ca-cit
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Table 5: Effect of different calcium salt dips at 3% on the texture of processed
peach slices and % difference over control (water dip) for the same peach variety.
Variety

Treatment

Puncture force (g)

% Difference

AP

CaCl2

418a,b

18.2a,b

AP

Ca-cit

379c

8.1b,c

AP

Ca-lac

451a

28.8a

AP

Ca-phos

363c

5.6b,d

AP

No dip

391b,c

11.6a,c,d

AP

Water dip

368c

0b,c

BR

CaCl2

258a

57.8a

BR

Ca-cit

151c,d

-11.8c,d

BR

Ca-lac

212b

25.1b

BR

Ca-phos

119d

-28.0d

BR

No dip

185b,c

8.1b,c

BR

Water dip

172c

0c

OH

CaCl2

201c

1.0c

OH

Ca-cit

271b

35.4b

OH

Ca-lac

360a

76.9a

OH

Ca-phos

303b

79.2a

OH

No dip

227c

17.4b,c

OH

Water dip

225c

0c
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a-d

means within the columns with same subscript are not significantly different (P>0.05)

SEM=Standard error of mean= 0.0130
AP- Autumn prince, BR- Big red, OH- O’Henry
% Difference calculated as, Ca-salt dip – water dip/water dip * 100
When the texture effect of each salt was compared for the different varieties, no
salt showed similar effects for different varieties. For the Autumn Prince variety, all
calcium salts showed better texture as compared to other varieties (data not shown).
Overall appearance was observed for peaches mixed with antibrowning agents
and their combinations. All treatments minimized browning of peaches. Overall
appearance of peach slices did not differ at different levels of antibrowning agents (0.5
and 1.0 %).
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Fig 3. Effect of citric acid, sodium erythorbate or the combination ( 0.5 % or 1 %)
level on browning of peach slices.

Conclusion:
Treatment with one percent calcium chloride maintained the texture of processed Autumn
Prince peach slices better during storage as compared to 0.5 and 2 %. For calcium lactate
treated peaches, the puncture force increased incrementally through each level to 2 %.
Increase in the level of calcium salts to 3 % did not increase the puncture force of peach
slices. Overall all calcium salts treatments resulted in better texture as compared to
control. Also, there was no difference in peak force due to storage when all four calcium
treatments were pooled. Peach slices treated with calcium citrate were very bad in terms
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of color, appearance and texture followed by calcium phosphate. When effect of all salts
was compared for the different varieties no salt showed consistent effect for all varieties.
For the Autumn Prince variety all calcium salts showed higher puncture force as
compared to other varieties.
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CHAPTER 3
SHELF LIFE STUDIES OF PROCESSED PEACHES
Abstract:
The effect of calcium salt combined with antibrowning agents on shelf life of peach slices
were studied. Peaches of Autumn Prince Variety were peeled in 1 % boiling sodium
hydroxide solution and dipped in 1 % citric acid to minimize browning. They were mixed
with CaCl2 at the levels of 0, 0.5 and 1 % along with 0.5% citric acid and sodium
erythorbate/ ascorbate each to prevent browning. Sugar was added to peaches in a 1:4
ratio. Samples were frozen at the temperature of -20° C and stored for 48 weeks or heat
treated at 93 °C (200 °F), mixed with CaCl2 at the same levels as frozen peaches followed
by quick chilling and storage at room temperature for 32 weeks. Various shelf life
parameters were evaluated including pH, color, total soluble solids (°brix), water activity,
puncture force (texture) and microbial count at 0, 8, 16, 24, 32, 48 weeks. The calcium
treated samples had a higher puncture force the non calcium treated. Sodium erythorbate
and sodium ascorbate were equally effective in maintaining the color (L*lightness) of
frozen peach slices over the period of 48 weeks. Overall, processed peach slices were
microbiologically stable over the storage period.
Introduction:
The major reasons for quality deterioration of peach slices are browning of cut
surfaces and flesh softening (Gorny et al., 1998). The occurrence of enzymatic browning
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is very common in fruits and vegetables and is due to the oxidation of mono and
diphenols to o-quinones by polyphenol oxidase (PPO) enzyme. This enzyme is present in
all plants and in high amounts in peaches, bananas, apples, pears, avocados and potatoes
(Garcia et al., 2002). Various antibrowning agents are used which directly act on PPO or
react with enzyme substrates. Ascorbic acid, its isomer erythorbic acid and salts of these
acids are used in the food industries as antioxidants. They scavenge free radicals, change
redox potential of system and reduce undesirable oxidative products. The combination of
reducing agents, acidulants and chelating agents are used to retard browning because of
their synergism (Mcevily et al., 1992). Combinations of ascorbic acid, erythorbic acid,
citric acid were found to be effective browning inhibitions of apple slices (Santerre et al.,
1988). The sodium salts of ascorbate and erythorbate were found more effective than
their respective acids (Sapers and Ziolkowski 1987). Citric acid plays a duel role in PPO
inhibition by reducing pH as well as chelating copper at the active site of the PPO
enzyme. Citric acid is typically added at levels from 0.5 to 2 % and often used in
combination with other antibrowning agents.
Dipping fruits in syrup or dry sugar is a common practice used to preserve various
attributes such as flavor, color, vitamin C and texture. Sugars act as cryoprotectant to
prevent browning during freezing- thawing of fruits. Sugar or sugar syrups extracts water
from fruit cellular structures by osmosis and exclude oxygen from fruit tissues. Osmotic
dehydration is the process of soaking foods (mainly fruits and vegetables) in hypertonic
solutions resulting in the removal of water. Sugars reduce water activity and increase
soluble solid content causing an increase in shelf life. To obtain a shelf stable product,
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osmotic pretreatments are given before other preservation processes like freezing,
canning and thermal processing (Bongirwar and Sreenivasan 1977, Lerici & others
1985). Specifically before freezing of fruits, osmotic pretreatments are employed to
partially remove water to prevent tissue damage caused by ice crystals.
Texture of fruits is altered by freezing and thawing partly due to the deesterification of pectin. The firmness of fruits can be maintained by addition of calcium
prior to freezing. Calcium interacts with pectic acid in the cell walls of fruit and forms
calcium pectate which stabilizes cell structure. Wiley and Lee (1970) found a firming
effect of calcium on canned apples which was magnified by the addition of sugar. Firm
texture is lost during thermal treatment which leads to a loss of turgor and
enzymatic/chemical changes in cell wall matrices (Adams 1991, Vanburen 1979).
Calcium salts can be added before heating to improve firmness of thermally processed
fruits and vegetables (Stanley et al., 1995).

The objective of current study was to:
Determine the effect of various additives (Calcium chloride, sodium erythorbate, sodium
ascorbate and citric acid) on the shelf life of frozen and hot filled peach slices.
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Materials and Methods:
Preparation of peach slices:

Peaches of Autumn Prince Variety were purchased from a local market immediately after
harvest and stored overnight at 4 ⁰C prior to processing. On the day of processing,
peaches were removed from refrigeration and allowed to warm at room temperature for 1
hour. Peaches were peeled by dipping in boiling solution of 1% NaOH (UNVAR
products Corp., Kirkland, WA 98033) for 30 seconds. After boiling, peaches were
immediately submerged in ice cold water and hand-rubbed for ~10 seconds to remove
remaining peels. Peeled peaches were then dipped in 1 % citric acid (Jungbunzlauer
Canada, Ontario L3K5V4) solution for 30 seconds to minimize browning. They were cut
in half to remove pit and were sliced into sections approximately 1.25 cm width resulting
in six slices per peach. The peaches were exposed to one of the following seven
treatments:
(I)

FR-ER=Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ (1:4) sugar

(II)

FR-ASC= Frozen, 0.5 % sodium ascorbate+0.5 % citric acid+ (1:4) sugar

(III) FR-ER-0.5 Ca= Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ 0.5 %
CaCl2+ (1:4) sugar
(IV) FR-ER-1.0Ca= Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ 1.0 %
CaCl2+ (1:4) sugar
(V)

HF-ER= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ (1:4) sugar
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(VI) HF-ER-0.5Ca= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ 0.5 %
CaCl2+ (1:4) sugar
(VII) HR-ER- 1.0 Ca= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ 1.0 %
CaCl2+ (1:4) sugar
The method for each treatment is as follows:
(I) For first treatment, slices were hand mixed with a combination of 0.5 % sodium
erythorbate (PMP fermentation products, Inc., Milwaukee, WI) and 0.5 % citric acid
powders (by wt). Sugar (Wal-Mart Stores, Inc.) was added in a 1:4 ratio (wt/wt). (II) For
ascorbate treatment, peaches were exposed to same process as with (I) except 0.5 %
sodium ascorbate (New Foods, Blomingdale, IL 60108) was substituted for sodium
erythorbate. (III) For FR-ER-0.5 Ca, the same treatment as (I) was used except 0.5 %
calcium chloride powder (Fisher Scientific, Fair lawn, NJ 07410) was added and (IV) For
FR-ER-0.5 Ca, the same treatment as (I) was used except 1% calcium chloride powder.
Peach slices were then spread out in the freezer bags (Quart size, 946 ml, 17.8cmX 20.3
cm, S. C. Johnson & Son, Inc.) with six slices per bag and allowed to passively freeze at
the temperature of -20 ⁰C and stored for a period of 48 weeks.
The remaining treatments were hot filled with peaches mixed with 0.5 % sodium
erythorbate, 0.5 % citric acid and (1:4) sugar with (V) HF-ER no calcium,(VI) HF-ER.5Ca 0.5 % Calcium chloride and (VII) HF-ER-1Ca 1 % calcium chloride as described
above. Six slices were heated in a pan for treatments V, VI, and VII (Vision corning USA
V.20.B). The inside temperature of peach slices reached 93 °C (200 ⁰F) which was
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measured with the thermocouple (Traceable thermometer, -58 to 302 ⁰F). The slices were
poured into polyethylene bags and immediately dipped in ice-water slush for quick
chilling. The bags were then sealed and stored at the room temperature for the period of
32 weeks.
During storage, various parameters were evaluated including pH, color (CIE
L*,a*,b*,C*, H), total soluble solids (° brix), water activity, puncture force (texture) and
microbial count at 0, 8, 16, 24, 32, 48 weeks.
1. pH- Peach slices were defrosted and blended in a blender for 30 seconds. Twenty five
g of the peach pulp was homogenized in 100 ml of distilled water and three readings
were taken for each sample at the temperature of 25 ⁰C by immersing the pH probe
into the peach solution until the pH meter reading equilibrated (Orion, model 420 A,
Boston MA, 02129, USA).
2. Color- Color was measured using a Minolta Chromameter model CR-400/410
(Minolta Co, ltd, Osaka, Japan). Three measurements were taken at the different
locations on the surface of each slice and the parameters measured were lightness
(L*), red-green (a*), yellow-blue (b*), chroma (C*) and hue (H).
3. Total soluble solids (°brix)-

Total soluble solids were measured using a

refractometer (Refracto 30 PX, Mettler-Toledo Inc., 1900 Polaris Parkway,
Columbus, OH 43240 ) at 25 ⁰C. Juice was squeezed out of peach slices and readings
were recorded.
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4. Water activity- Water activity was measured using a Rotronic Hygroskop DT
(Rotronic Instrument Corp, Huntington, NY) at 25.2 ⁰C. Approximately 5 g of peach
sample was kept in the small dish and inserted into the water activity chamber. After
30 minutes, when equilibrium is reached the percent relative humidity was read from
the meter.

5. Texture analysis- Texture was measured using a TA-XT plus texture analyzer
(Stable Micro Systems, Texture Technologies Corp, NY, USA) equipped with a 5 kg
load cell. Peach slices were removed from refrigerated storage and a puncture test
was conducted using a cylindrical probe TA-52 having a diameter of 2 mm driven
through the slices at the test speed of 2.0 mm/sec. The force was recorded in gram of
force to puncture for each of three slices per treatment.

6. Microbial analysis- Peach slices were defrosted overnight and each slice was
aseptically placed into whirl-pak bags (Capacity: 52 oz.; 4mil thick; 7 W x 13 L in.,
Fisher Scientific, Fair lawn, NJ 07410) with 20 ml of sterile 0.1 % peptone water
(Bacto TM Peptone, Becton Dickinson, Sparks, MD, USA) and mixed for 30
seconds. The samples were serially diluted in peptone water and surface plated on
total aerobic plate count agar (TPC) Difco, sparks, MD, USA) and Dichloran Rose
Bengal Chloramphenicol agar (DRBC) (Difco, sparks, MD, USA). Colonies grown
on TPC were counted after 48 hours of incubation at 37 ⁰C, whereas, yeast and mold
colonies grown on DRBC were counted after 3 to 5 days held room temperature.
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Statistical Analysis:
All treatments were subject to analysis of variance (ANOVA) using SAS 9.2 to determine
if there was a significant difference (p > 0.05) between treatments using proc glm and
pdiff commands. For all experiments Least Square Mean values were calculated.

Results and Discussion:
1. pH, Brix and water activity analysis:
pH values for calcium treated frozen samples were lower than the non calcium
treated samples (Table 6). This might be the effect of calcium salt in maintaining cell and
membrane integrity (Poovaiah, 1986). When pH of all samples was analyzed over storage
time, it was found that they were in the range of 3.4 to 3.7 (Table 7). This might be the
effect of citric acid in maintaining pH of peach slices. Citric acid as an acidulant reduces
pH and chelates copper at the active site of an enzyme. The combinations of acidulants
and reducing agents are found to have a synergistic effect in reducing browning (Mcevily
et al., 1992).
The °brix values for the frozen samples were lower than hot fill. This could be
attributed to the effect of heating on more sugar absorption as a result of cellular
breakdown. It has been reported that increase in temperature and concentration of
osmotic solution increase rate of mass transfer up to some extent (Matusek and Meresz,
2002). Studies done on physical and chemical changes in peaches and nectarines also
reported increase in total soluble solids (TSS) over storage period during MAP followed
by decrease (Akbudak and Eris, 2004). Water activity for calcium treated hot fill samples

42

was lower than the control. This might be the result of calcium chloride and sugar
addition which prevented tissues from softening which became gel like by reducing
leakage of juice from fruit slices (Ponting and Jackson 1972).Over the storage period,
water activity of all samples pooled together was constant. Osmotic dehydration is used
to obtain high water activity in the range of 0.94 to 0.97 which after further treatments
like vacuum packaging or pasteurization remains constant at room temperature. This
process also minimizes the changes in sensory, physical and chemical characteristics of
fruits. (Maltini and Torreggiani, 1981; Maltini and Torreggiani, 1983)

Table 6: Effect of calcium salts and antibrowning agents on the pH, Brix and water
activity of processed peach slices.

Treatment

pH

Brix

Aw

FR-ER

3.7a

27.1b

0.94b

FR-ASC

3.6a

26.3b

0.93c

FR-ER-0.5 Ca

3.5b,c

25.0b

0.93c

FR-ER-1.0Ca

3.5c

26.0b

0.95a

HF-ER

3.6a,b

33.5a

0.93c

HF-ER-0.5Ca

3.6a,b,c

32.2a

0.92d

HR-ER- 1.0 Ca

3.5c

33.0a

0.92d

SEM

0.03

1.09

0.001
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a-d means within the columns with same subscript are not significantly different (P>0.05)
SEM=Standard error of mean for pH=0.03, Brix= 1.09, Aw=0.001
FR-ER=Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ (1:4) sugar
FR-ASC= Frozen, 0.5 % sodium ascorbate+0.5 % citric acid+ (1:4) sugar
FR-ER-0.5 Ca= Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ 0.5 % CaCl2+ (1:4)
sugar
FR-ER-1.0Ca= Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ 1.0 % CaCl2+ (1:4)
sugar
HF-ER= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ (1:4) sugar
HF-ER-0.5Ca= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ 0.5 % CaCl2+ (1:4)
sugar
HR-ER- 1.0 Ca= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ 1.0 % CaCl2+
(1:4) sugar
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Table 7: Effect of time (weeks) on the pH, Brix and water activity of processed
peach slices.

Week

pH

Brix

Aw

0

3.6b

24.0d

-

8

3.7a

29.2b,c

0.93a

16

3.6b

34.4a

0.93a

24

3.6b

31.0b

0.93a

32

3.5b,c

28.4b,c

0.93a

48

3.4c

27.0c,d

0.93b

SEM

0.03

1.01

0.0007

a-d means within the columns with same subscript are not significantly different (P>0.05)
SEM=Standard error of mean for pH=0.03, Brix= 1.01, Aw=0.0007
2. Microbial analysis:
The log TPC and DRBC values for frozen samples were greater than the hot fill
samples except for week 8. The lack of growth in hot fill samples was probably due to the
heat treatment prior to filling (Table 8). Also, microbial stability of samples can be
attributed to the osmotic dehydration by sugar as it reduces water activity (aw=0.91-0.97)
(Falade and Igbeka, 2007). Other parameters like pH and freezing temperature might
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have reduced the microbial count. Freezing at – 20 °C would have inhibited the growth of
psychrotrophic and mesophilic bacteria. pH as a single factor itself reduces growth of
food spoilage and poisoning microorganisms. Below 4.2 pH growth of most of food
poisoning microorganisms is well controlled (Gould, 1995). Osmotic dehydration
treatment prior to freezing has been reported to reduce freezable water content
(Torregiani, 1995, Crown et al., 1998). It has been reported that pH and water activity
have a combined inhibitory effect on survival of microorganisms. Citric acid and acetic
acid are found to have more inhibitory effect in combination with reduced water activity.

Table 8: Microbial growth [Total aerobic microorganisms (TPC), yeasts and molds
(DRBC) ] on processed peach slices during the storage period of 48 weeks.
Treatment

Weeks

Log TPC LSMean

Log DRBC LSMean

FR-ER

0

1.7a

1.4a

FR-ASC

0

1.4a

1.8a

FR-ER-0.5 Ca

0

1.5a

1.3a

FR-ER-1.0Ca

0

1.3a

1.3a

HF-ER

0

<1 b

<1 b

HF-ER-0.5Ca

0

<1b

<1b

HR-ER- 1.0 Ca

0

<1b

<1b

FR-ER

8

1.4b

1.8b
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FR-ASC

8

1.41b

1.8b

FR-ER-0.5 Ca

8

1.3b

1.1b,c

FR-ER-1.0Ca

8

1.3b

<1c

HF-ER

8

3.0a

3.6a

HF-ER-0.5Ca

8

<1c

<1c

HR-ER- 1.0 Ca

8

3.0a

3.76a

FR-ER

16

1.4a

1.7b

FR-ASC

16

1.4a

1.7b

FR-ER-0.5 Ca

16

<1b

<1c

FR-ER-1.0Ca

16

<1b

<1c

HF-ER

16

1.6a

2.5a

HF-ER-0.5Ca

16

<1b

1.3b

HR-ER- 1.0 Ca

16

<1b

<1d

FR-ER

24

1.3a

1.9a

FR-ASC

24

1.1a

1.4a

FR-ER-0.5 Ca

24

<1b

<1b

FR-ER-1.0Ca

24

<1b

<1b

HF-ER

24

<1b

<1b

HF-ER-0.5Ca

24

<1b

<1b

HR-ER- 1.0 Ca

24

<1b

<1b

FR-ER

32

1.3a

1.9a

FR-ASC

32

1.1a

1.7a
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FR-ER-0.5 Ca

32

<1b

<1b

FR-ER-1.0Ca

32

<1b

<1b

HF-ER

32

<1b

<1b

HF-ER-0.5Ca

32

<1b

<1b

HR-ER- 1.0 Ca

32

<1b

<1b

FR-ER

48

1.5a

1.1a

FR-ASC

48

1.1a

<1b

FR-ER-0.5 Ca

48

<1b

<1b

FR-ER-1.0Ca

48

<1b

<1b

HF-ER

48

N/A

N/A

HF-ER-0.5Ca

48

N/A

N/A

HR-ER- 1.0 Ca

48

N/A

N/A

a-d means within the columns with same subscript are not significantly different (P>0.05)
SEM=Standard error of mean= 0.2672
During the 8th week, log TPC and log DRBC values for hot fill treatment with 1 %
CaCl2 and control showed a very high count unlike the treatment with 0.5 % CaCl2. This
sharp growth might be due to contamination of those particular samples. Microbial
counts returned to low levels after week 8 and remained below 2 logs through 32 weeks
of storage.

48

It was concluded that frozen and hot filled peach samples were microbiologically
stable over the period of 48 weeks and 32 weeks respectively.
3. Texture analysis:
Puncture force for frozen samples decreased and for hot fill samples increased by 8 th
week (Figure 4). After the 8th week hot fill control sample was so soft that it was
difficult to measure the texture. Sample having 0.5 % CaCl2 was firmer than the sample
with 1 % CaCl2 unlike frozen sample in which 1 % CaCl2 were firmer than 0.5 %. In
frozen non calcium treated samples,the puncture force decreased by 8th week but
remained consistant over time. Sample with 0.5 % and 1 % CaCl2 had higher puncture
force than non calcium treated samples. Even if it seems better than non calcium treated
samples the values were not consistant over the time period.
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Fig. 4: Texture change in processed peach slices for calcium and non calcium
treated samples.

.
A=Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ (1:4) sugar
B= Frozen, 0.5 % sodium ascorbate+0.5 % citric acid+ (1:4) sugar
C= Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ 0.5 % CaCl2+ (1:4) sugar
D= Frozen, 0.5 % sodium erythorbate+0.5 % citric acid+ 1.0 % CaCl2+ (1:4) sugar
E= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ (1:4) sugar
F= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ 0.5 % CaCl2+ (1:4) sugar
G= Hot fill, 0.5 % sodium erythorbate+0.5 % citric acid+ 1.0 % CaCl2+ (1:4) sugar
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The better texture of calcium treated samples could be due to Ca2+ interaction with
the peach cellular matrix forming bonds with pectin which would stabilized cell structure.
The better texture could also be due to osmotic treatment generated with sugar. High
temperature with high sugar concentration would have facilitated diffusion of added
components into peach slices. Use of calcium chloride along with sugar would have
reduced leakage which would have firmed tissues. Studies showed that calcium at 2 %
level with 45° Brix sugar solution resulted in firmer and stiffer peach samples (Torres et
al., 2006). Also, studies done by Mohammadzadeh- khayat and Luh (1968) showed that
apricots canned in syrup at 40 °Brix containing calcium chloride were firmer than control
samples at all levels. They also reported a close relationship between syrup viscosity and
texture of canned apricots. Studies with strawberries reported similar results where
calcium was more effective in firming thermally processed strawberries than frozen.
They reported that this action was probably due to the effect of heat which could break
chemical bonds on polyuronide pectin chains making more binding sites available for
calcium in the middle lamella region (Main et al., 1986). Polymethylesterase (PME) is
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most active in the temperature range of 55 to 70 °C and responsible for firming when
heating potatoes (Hoff and Bartolome, 1972) and cherries (Van Buren, 1974). Van Buren
(1974) reported that PME could have been activated during heating which resulted in deesterification of pectic substances increasing calcium binding between pectin
polymers.When fruits are heated they loose texture because cell membranes are damaged
preventing them from retaining cellular fluid. However, in thermally induced softening,
cell walls remain intact and there is a modification of intermolecular bonding (Brown,
1967). Addition of calcium facilitates intercellular linkages that counterreact softening.
(Van Buren and Joslyn, 1970).

Color analysis:

From Fig.5 and Fig.7, the clear distiction can be seen in the L* lightness and
b*values for frozen and hot fill samples. Hot fill samples had lower lightness values than
frozen samples which might be due to heating that darkened the color of peach slices.
Similar results were reported by Kluter et al. (1996) where they retort packaged pears in
acidified syrup (pH 3.5) with high processing temperature. They had adverse effect on
color and texture as compared to samples at 4 pH (Kluter et al., 1996). Use of citric acid
and sodium erythorbate would have preserved the color of peach slices. Osmotic
dehydration pretreatment before freezing or canning improves organoleptic and
functional properties of product. Discoloration of fruits or vegetables is prevented by
high concentration of sugar surrounding the pieces. It is also reported that osmoric
dehydration is effective at room temperature as opposed to heat treatment which affects
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color and texture of product (Falade and Igbeka 2007). The combination of reducing
agent and an acidulent is found to have a sunergistic effect in reducing browning
(Mcevily et al., 1992). The samples having sodium erythorbate and sodium ascorbate
have similar L* values over storage time. These results are similar to the study done on
browning inhibition of apple slices. They reported that combination of citric acid with
ascorbic acid and erythorbic acid showed no difference in color of apple slices (Santerre
et al., 1988). So it can be said that Sodium erythorbate can be used in place of sodium
ascorbate as a browning inhibitor since its cost is significantly lower.
After the 16th week of storage , calcium treated hot filled samples were darker than
control. However, for frozen samples, there was no differnece in L* values for calcium
treated and non treated samples. During storage all frozen samples showed consistant b*
values (Fig. 7) . The greeness-redness parameter, a* was found to be lower for hot filled
samples compared to frozen samples (Fig. 6). However, it was difficult to visually
distinguish color difference among frozen samples during storage. A similar trend was
observed for the chroma C* values for frozen samples (Fig. 8). Frozen samples were
brighter compared to hot hot filled samples. Studies done on osmotic dehydration of
kiwifruits showed that samples stored at -18 °C using atmospheric pressure had better L*
and C* values than those treated at vacuum (Talens et al., 2003). For hue H* no trend
was discovered (Fig. 9).
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Fig.5: Variation in the lighness index (L*) for calcium treated and non calcium
treated peach Slices.

Weeks

Fig.6: Variation in greenness-redness parameter (a*) for calcium treated and non
calcium treated peach slices.
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Fig.7: Variation in Yellowness-blueness parameter (b*) for calcium treated and non
calcium treated peach slices.

Fig.8: Variation in Chroma parameter (C*) for calcium treated and non calcium
treated peach slices.
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Fig.9: Variation in Hue parameter (H) for calcium treated and non calcium treated
peach slices.

Fig 10: Color change in hot filled peaches after 16th and 32nd week.
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Conclusion:

Calcium chloride at 0.5 % level improved the firmness of hot fill peach slices. Firmness
decreased in those samples with the increase in level to 1 % unlike frozen samples which
had marginal effect at this level. At this level calcium chloride did not cause any negative
effect on samples since the firmness remained constant throughout storage. Sodium
erythorbate had same effect as sodium ascorbate for maintaining color of processed peach
slices during storage. So, it can be suggested as an alternative antibrowning agent for
sodium ascorbate. Frozen samples are microbiologically stable over the storage of 48
weeks at -20°C. So, was concluded that shelf life of processed frozen peach slices can be
extended up to 48 weeks. Since only week 8 hot fill samples had any detectable growth,
these samples were believed to be contaminated. The hot fill treatment was very effective
in eliminating microbial growth.
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CONCLUSION
For the first set of experiment dipping treatment with one percent calcium chloride
maintained the texture of processed Autumn Prince peach slices during storage as
compared to 0.5 and 2 % for Autumn Prince Variety.

For calcium lactate treated

peaches, the puncture force increased incrementally through each level to 2 %. Increase
in the level of calcium salts to 3 % did not increase the puncture force of peach slices.
Overall all calcium salts treatments resulted in better texture as compared to control.
Also, there was no difference in peak force due to storage when all four calcium
treatments were pooled. Peach slices treated with calcium citrate were very bad in terms
of color, appearance and texture followed by calcium phosphate. When effect of all salts
was compared for the different varieties no salt showed consistent effect for all varieties.
For the autumn prince variety all calcium salts showed higher puncture force as
compared to other varieties. For the second experiment calcium chloride at 0.5 % level
improved the firmness of hot fill peach slices. Firmness decreased in those samples with
the increase in level to 1 % unlike frozen samples which had marginal effect at this level.
At this level calcium chloride did not cause any negative effect on samples since the
firmness remained constant throughout storage. Sodium erythorbate had same effect as
sodium ascorbate for maintaining color of processed peach slices during storage.
Therefore, it can be suggested as an alternative antibrowning agent for sodium ascorbate.
Frozen samples are microbiologically stable over the storage of 48 weeks at -20°C. So,
was concluded that shelf life of processed frozen peach slices can be extended upto 48
weeks. Since only week 8 hot fill samples had any detectable growth, these samples were
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believed to be contaminated. The hot fill treatment was very effective in eliminating
microbial growth.
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APPENDIX
Fig. 11: Texture of processed peach slices dipped in calcium chloride, calcium
lactate, calcium phosphate and calcium citrate at 0.5, 1 and 2 % levels for 1 minute
(SEM= 0.0117).
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Fig. 12. Texture change in the processed peach slices over different varieties (APAutumn Prince, BR- Big Red, OH- O’Henry) for no dip, water dip and 3 % dip for
calcium chloride, calcium lactate, calcium phosphate and calcium citrate each with
the dipping time of 5 minutes (SEM=0.0130).
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Table 9: Effect of calcium salts at same level on the puncture force and % difference
with respect to control (water dip) for processed peach slices.
Treatment

Level

Puncture Force (g)

% Difference

CaCl2

0.5

152b,c

20.9b

Ca-lact

0.5

137c

10.8b

Ca-phos

0.5

176b

40.6b

Ca-cit

0.5

247a

85.8a

CaCl2

1

203a

60.6a

Ca-lac

1

188a

54.2a

Ca-phos

1

187a

37.5a,b

Ca-cit

1

143b

7.3b

CaCl2

2

167b

29.4b

Ca-lac

2

302a

128.7a

Ca-phos

2

183b

46.2b

Ca-cit

2

125c

87.4c

a-d means within the columns with same subscript are not significantly different (P>0.05)
SEM=Standard error of mean= 0.01174
% Difference calculated as, Ca-salt dip – water dip/water dip * 100
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Table 10: Effect of same calcium salt on the puncture force of processed peach slices
and % difference over control (water dip) for different peach varieties.
Variety

Treatment

Puncture force (g)

% Difference

AP

CaCl2

418a

18.2b

BR

CaCl2

258b

57.8a

OH

CaCl2

202c

1.0b

AP

Ca-lac

451a

28.8b

BR

Ca-lac

212c

25.1b

OH

Ca-lac

360b

76.9a

AP

Ca-phos

367a

5.6b

BR

Ca-phos

119c

-28.0c

OH

Ca-phos

303b

79.2a

AP

Ca-cit

380a

8.1b

BR

Ca-cit

151c

-11.8c

OH

Ca-cit

270b

35.4a

AP

No dip

391a

11.6a

BR

No dip

185c

8.1a

OH

No dip

226b

18.4a

AP

water dip

368a

0a

BR

water dip

172c

0a

OH

water dip

225b

0a
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a-d means within the columns with same subscript are not significantly different (P>0.05)
SEM=Standard error of mean= 0.0130
AP- Autumn prince, BR- Big red, OH- O’Henry
% Difference calculated as, Ca-salt dip – water dip/water dip * 100

Table 11: Microbial growth [bacteria (TPC), yeasts and molds ( DRBC) ] on
processed peach slices during the overall storage.
Week

Log TPC LSMean

Log DRBC LSMean

0

<1b

<1b

8

1.6a

1.8a

16

<1b

1.1a

24

<1b

<1b

32

<1b

<1b
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N/A

N/A

SEM

0.1009

0.0917

a-d means within the columns with same subscript are not significantly different (P>0.05)
SEM=Standard error of mean (Log TPC LSMean) = 0.1009
SEM=Standard error of mean (Log DRBC LSMean) = 0.0917
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